Several studies [5, 6] have shown that the paint can cause a displacement of the shock wave slightly upstream from where it would occur on a clean wing at transonic cruise condition and for a high lift wing. Also, the stall angle decreases slightly when PSP is applied.
Vanhoutte's experiments [7] showed up to 50 drag counts are possible for a rough PSP surface finish and the thickness of the paint layer may interfere with transonic band at high subsonic speed. Meborki's work showed that PSP could cause reduction in lift at high angles of attack with smooth and thin PSP layers at high Reynolds numbers [8] . The slender arrow wing -fuselage-nacelle model was tested in UPWT at Mach 2.4, Reynolds number of 4 millions per foot, and an angle of attack of -2 to 6 degree.
Model
The 650 Delta wing model, constructed of stainless steel, had an NACA 64A005 airfoil section from the 40-percent chord station to the wing trailing edge. The right wing was instrumented with 54 pressure taps placed in three chord wise rows on the upper surface.
The model was instrumented with a force and moment balance, Figure  1 shows the model schematic and target locations. A 1.675%-scale Arrow Wing model was tested to determine the effect of pressure-sensitive paint (PSP) on the longitudinal force and moment characteristics of a slender wing-fuselage configuration at supersonic speeds. Figure 2 shows the slender narrow wing-fuselage-nacelle model. Model length was 52.74 inches, model span was 25.794 inches, and model height was 5.00 inches.
This model was not instrumented with any surface static pressure taps.
PSP Paint
The PSP system used for all tests consisted of a white primer and a PSP topcoat. The primer was a two part commercial automotive primer. The models were thoroughly cleaned before a spray application of the primer.
The primer was cured until it was hard enough to sand and resist attack by paint solvents.
The primer was wet sanded with 1000 grit paper until the entire surface had a dull finish. The surface was then wiped with tetrahydrofuran (THF), which served to prime the surface for better adhesion of the PSP to the white primer.
The PSP was then applied by spraying.
The Figure 3A shows the thickness of the five different paint jobs at different times. Figure 3B shows the corresponding roughness of each paint application. Notice from this figure that the average thickness for the paint was 2.5 mils and the average roughness was 71a-in. The test conditions were Mach 0.20, Re from 4 to 13 million, and angle of attack from -2 to 14 deg. The data was acquired at constant Mach and variation of Re and AOA for five repeated paint applications.
For each paint application, there were five replicates data sets.
Therefore, for each AOA position obtained a total of 25 data points were processed and analyzed. Figure   4 shows the drag coefficient vs. lift coefficient for both painted wing and clean wing for Mach 0.2 and Re of 13 million for five replicates.
It was difficult to differentiate the paint and clean wing data for this condition.
It appears that the PSP had no significant effect.
To verify that, a closer look at the data was necessary. The calculated differences of C d for painted and clean wing as a function of AOA at different Re numbers were plotted as shown in figure  5 .
Moreover, the standard deviation for each measurement was displayed.
It was reasonable to conclude that the PSP had no effect on the coefficient of drag. Similar results were obtained for coefficient of lift and all the moment components.
A surface pressure test was conducted at LTPT on the same 65o delta wing model to continue the characterization of the PSP on pressure distribution.
This test was under a time constraint from the facility and the issue of multiple-paint applications had to be resolved.
It was decided that for this test, one paint application would be used to acquire all the necessary data.
The test conditions for this entry were M at 0.20-0.34, Re at 4-13 millions, and AOA from -2 to 25 deg. Figure 9 shows an example of the profiles of the taps with PSP applied; tap A was clean tap J was half clogged, and there was a great deal of paint irregularities around that tap. These results displayed were unexpected trends because the integrated force and moment data did not show a paint effect in the earlier tests. The reduction in C may be due to the localized effect of the paint, but _vhen the integrated force was calculated over the painted surface, the effect was insignificant.
Painting a model with PSP is an art that requires certain skills, so that the paint application will not influence the aerodynamic results. Another alternative was to apply the trip dots over the PSP, but adherence properties of the dots to the PSP were poor. Finally, the trip dots were applied over the base coat in a narrow strip along the leading edge. The change time increased due to reapplying the trip dots after each paint state. The paint thickness and roughness were measured after each paint applications (see figure  10 .) This solution was proved to be satisfactory.
The results shown in figure 11 were based on four replicates on the model with paint-on and -off the wings indicating that the paint effect on the drag coefficient is not resolvable, The effect is not distinguishable from zero within the 95% confidence level. Figures 12 and 13 show that the paint effect is within the tunnel variations for C d and C r Figure 14 shows the result of the three repeat runs for the DQA A bad coating may form local topological structure around a pressure tap (see Fig. 9 ). The local protuberance near the tap may change the pressure readings from the tap. The reduction of the pressure readings from taps have been found in our tests, as shown in Fig. 7 
CONCLUSIONS
The PSP effects on the integrated aerodynamic forces on the two different models at different test conditions at both the LTPT and UPWT are very small over certain ranges of Reynolds number, Mach number and AOA. This is mainly because the tested PSP developed by NASA Langley produces surface roughness that is even smaller than the clean wing.
In low-speed testing at LTPT, the differences of the coefficients of lift, drag and other components between the paint-on and clean models are within the error bounds of measurements by balances. _Jooll L°:2o 
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